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1 Introduction 
Non-ischaemic dilative cardiomyopathy (DCM) 
and coronary artery disease (CAD) are the most 
common heart diseases of those associated with an 
increased risk for sudden cardiac death. Combining 
classical tools of risk stratification like the Holter-
ECG, electrophysiological stimulation and the 
evaluation of left ventricular function enables us, at 
least in CAD patients, to identify candidates who 
may profit from prophylactic antiarrhythmic 
therapy (primary prevention) [1]. However, new 
methods are searched that are more effective in 
CAD patients, and are also able to guide 
antiarrhythmic therapy in DCM patients in which 
the classical risk stratifiers cannot predict the risk 
of sudden death with adequate accuracy [2, 3]. As 
the course of myocardial repolarisation seems to be 
essential in the genesis of malignant arrhythmias, 
some techniques concentrate on regional or 
temporal differences of the t-wave in the 
electrocardiogram [4, 5]. Using multi-channel 
magnetocardiographic recordings we introduced a 
new parameter that we called electrical T-wave 
circulation (TWC) which describes the beat-to-beat 
variability of cardiac repolarisation over 100 
seconds in analogy to fluid mechanics [6]. In the 
following study we retrospectively compared this 
parameter in CAD patients with and without a 
history of malignant ventricular tachyarrhythmias 
(CAD/VT+ and CAD/VT-), DCM patients and 
normal subjects supposing that high risk patients 
have an increased beat-to-beat variability of 
repolarisation. 

2 Methods 
A 49 channel magnetocardiographic mapping was 
performed in 42 DCM patients, 33 CAD patients 
and 20 normal controls in a magnetically shielded 
room [7]. 
DCM was defined as a reduction of left ventricular 
ejection fraction (EF) <45% in the absence of 
coronary stenosis, valvular disease or hypertensive 
heart disease. CAD was defined as coronary 

stenosis of ≥ 75% in coronary arteriography in at 
least one vessel. Normal subjects were without 
cardiac complaints and had a normal ECG, stress-
ECG and echocardiogram. The mean age was 
49±11, 61±8 and 36±16 years for DCM patients, 
CAD patients and healthy subjects, respectively. 
The EF as determined by left ventricular 
angiography amounted to 33±14% and 50±17% in 
DCM and CAD patients (CAD/VT+: 46±19%; 
CAD/VT-: 56±13), respectively. In all normal 
subjects the ejection fraction was >60% in the 
echocardiogram. 
Magnetocardiographic traces were recorded over 
100 s at a sampling rate of 1000 Hz. To study the 
spatio-temporal beat-to-beat variability we applied 
the equivalent current dipole model in a half plane 
volume conductor to solve the inverse problem and 
parameterize the actual strength and location of the 
current source: 
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the equivalent current dipole and the location-
vector. After R-peak triggering the vectors were 
calculated for every millisecond of the 
measurement. The current dipole vectors can be 
decomposed relatively to the mean location-vector, 
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electrical circulation, C
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, describes the beat-to-beat 

variabilty of the tangential component of the 
current dipole vector over the time of a cardiac 
cycle: 
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σ  are the number of heart 
beats and the standard deviation of the location-
vector. TWC was defined as the maximal elctrical 
circulation within the T-wave. 
Statistical significance levels were calculated 
according to the student’s t-test. p-values <0.05 
were regarded as statistically significant. 



3 Results 
Clinical Differences Between the Study Groups 
− Healthy controls were significantly younger than 

DCM and CAD patients.  
− DCM patients were significantly younger than 

CAD patients. 
− DCM patients had a significantly lower EF than 

CAD patients. 
− CAD/VT+ patients were older than CAD/VT- 

patients and had a lower EF. But these 
differences were not statistically significant.  

 
TWC-Values in the Study Groups 
− TWC was significantly higher in DCM and in 

CAD patients than in healthy controls (7.8±6.5; 
7.9±5.2 and 2.1±1.7) as shown in figure 1.  

− CAD patients with a history of a malignant 
arrhythmia had significantly higher TWC-values 
than those without such a history (CAD/VT+ 
11.4±3.4 vs. CAD/VT- 6.2±3.6). 

− TWC was not in DCM patients or in CAD 
patients correlated with the EF (r2<0.5) as shown 
in figure 2 and 3. 
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Figure 1: Box plot of TWC in healthy controls, 
CAD patients with and without a history of 
malignant arrhythmia and DCM patients. 
 

4 Discussion 
The electrical T-wave circulation is a new 
parameter which describes the beat-to-beat 
variability of the current dipole vector of cardiac 
repolarisation. As inhomgeneity of repolarisation 
seems to be an important factor in arhythmogenesis 
we intended to test if patients prone to malignant 
arrhythmias are characterized by increased TWC. 
In patient-groups with increased risk for malignant 
arrhythmias (DCM and CAD patients), we found 
an increased TWC compared to healthy controls. 
Especially in CAD patients with a history of 

malignant arrhythmias who have a high probability 
of arrhythmia recurrence (‘high risk patients’) 
higher values were measured than in CAD patients 
without malignant arrhythmias. 
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Figure 2: No significant correlation between TWC 
and EF in DCM patients. 
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Figure 3: No significant correlation between TWC 
and EF in CAD patients. 

 

The fact that TWC was not correlated to the EF, 
which is still one of the best risk stratifiers for 
sudden cardiac death[8], may indicate that it is 
independent of ventricular function and could give 
additional information. Like other 
electrocardiographic parameters used for risk 
stratification this new method analyses the 
variability of electric activation [4, 9] by focusing 
on changes of  the current dipole vector within the 
T-wave, possibly registrating the dynamics of 
inhomogeneous repolarisation. The high signal 
quality and the high spatial resolution of a 
magnetocardiographic multi-channel system 
enables us to detect even small changes. 



This study is limited by its retrospective design and 
its relatively small study groups, resulting in 
differences of subject age and ventricular function. 
In the future, prospective studies must be 
performed to test if TWC can predict arrhythmic 
events in CAD and DCM patients, and therefore, 
may help to decide in which individuals 
prophylactic antiarrhythmic therapy is beneficial 
and cost effective. 
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